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© Magneto-optic recording system. 



© An apparatus (10) for providing a bias magnetic 
(18) field coincident with the read/write laser (15) in a 
magneto-optic recording system is disclosed, with 
special utility for systems wherein the thickness or 
configuration of the media (28) necessitates a func- 
tioning bias magnet (18) being located on the same 
side of the media (28) as the read/write laser (15). 
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MAGNETO-OPTIC RECORDING SYSTEM 



Field of the Invention 



This invention relates to erasable optical re- 
cording systems, particularly so-called magneto- 
optical recording systems. 

Background of the Invention 



High density optical recording systems which 
may be used for recording and playing back in- 
formation are well known in the art. Current prac- 
tice in the optica! recording field can be broadly 
distinguished into three categories, said classifica- 
tion being largely dependent on the physical and 
chemical characteristics of the information carrying 
media. Common to all three categories is the ability 
of each system to have the information stored on 
the media to at least be "read" or "played back" 
by irradiating selected areas of the media with a 
highly focused source of fight, usually a laser. 
Changes in the transmission or reflection of the 
laser beam caused by the presence or absence of 
recorded information on the media is detected by 
suitable optical sensors. The three categories are 
differentiated by the media's response to radiation. 
"Read Only" as, for example, in Compact Disk 
technology, wherein all the information on the disk 
is pre-recorded. "Write-Once, Read (Mainly)" 
(WORM), in which information can be written on 
the media by the laser, read back by a laser at 
reduced power levels, but cannot be erased for 
correction or re-use. The third consists of media 
which can be written upon and read back by laser, 
but can also be erased (by the laser), in the pres- 
ence of a suitable magnetic field, and which then 
can be reused. 

This invention, relates generally to the 
"erasable" optical recording systems, known in the 
art as magneto-optical recording systems, and in 
which the media is described as magneto-optic 
media. 

A magneto-optic recording medium is a mag- 
netic material which causes the polarization angle 
of laser light to be changed when it is reflected 
from or transmitted through a recorded spot. Pre- 
paratory to the initial recording operation, the 
magneto-optic media is vertically magnetized in the 
same direction across the entire recording surface. 
During recording, the direction of magnetization of 
the media is reversed at the point of incidence of 
the laser beam due to the presence of a vertical 
magnetic field of a given strength and polarity and 
heating induced by a laser. Illumination from a 
playback laser beam of lower power reflected from 



this area will show a polarization angle change, 
which is detectable by suitable optical sensors. The 
erasing process restores the original magnetic di- 
rection which existed prior to recording by the use 
5 of a vertical magnetic field of polarity opposite to 
that used for recording when accompanied by 
heating from the laser beam. Traditionally, an elec- 
tromagnet in which the current can be adjusted and 
reversed, (thereby changing the direction and/or 
/o intensity of the induced magnetic field) has been 
the preferred source for generating the magnetic 
bias for both the writing and the erasing. The 
electromagnet (in some cases, a reversible perma- 
nent magnet) is also sometimes referred to as the 
75 bias magnet. 

Deguchi et al. in U.S. Patent No. 4,497,006, 
schematically describe in their disclosure an elec- 
tromagnet surrounding the objective lens of their 
recording/playback apparatus which provides the 
20 bias magnetization required for magneto-optic op- 
erations. Ota et al, in U.S. Patent No 4,477,852, 
discloses a pair of bias electromagnets adjacent 
the objective lens in conjunction with a pair of 
lasers for performing the erase and re-write func- 
25 tions in a magneto-optic recording and reproducing 
system, U.S. Patent 4,466,004 also describes an 
electromagnet surrounding the objective lens, and 
records information by varying the field strength of 
the electromagnet in the areas of the media heated 
30 by a continuous laser beam. In the previous two 
examples, writing was accomplished by varying the 
intensity of the laser beam. 

U.S. Patent 4,610,009. assigned to the Xerox 
Corporation, describes a system wherein plural la- 
35 sers operating through a single optical path and 
cooperating with bi-polar magnetic field producing 
means located on the opposite side of the 
magneto-optic medium but also includes a bias 
electromagnet essentially concentric with the fo- 
40 cusing electromagnet of the objective lens. The 
deficiencies of these examples in providing an es- 
sentially vertical magnetic field coincident with the 
laser beam is addressed in U.S. Patent 4,340.914 
issued to Hanaoka and assigned to Olympus Op- 
45 tical. This patent discloses an auxiliary magnetic 
pole piece for focusing a magnetic flux from the 
magnetic field generating device (bias magnet) into 
at least the heated portion and which is located on 
the side of the media opposite the laser beam, 
so The teachings of U.S. Patent 4,701,894, as- 

signed to RCA, further address the problem of 
providing a vertical magnetic field at the point of 
incidence (with the laser beam) which rely on an 
electromagnet located around the objective lens, 
or, in some cases, on the side of the media op- 
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posite the laser beam. As discussed in this Patent, 
given the very close proximity between the objec- 
tive lens of the record/playback optics, there is 
very little space on the recording side of the media 
for an electromagnet capable of providing a vertical 
magnetic field at the point of incidence. This patent 
discloses a bias electromagnet configured in the 
shape of a letter "E", in which the top and bottom 
legs of the "E" extend radially from one edge of 
the media towards the center (when the media is in 
a disk configuration, the center leg of the "E" 
likewise extends from one edge towards the center, 
but on the opposite side of the media from the top 
and bottom legs). Current carrying coils are wound 
about each of the two segments of the vertical 
portion of the "E" to magnetize the electromagnet. 
Attached to the housing of the objective lens is a 
ring or cap of magnetic material which has a small 
hole in it to allow passage of the laser beam. 
Magnetic coupling of this cap to the top and bot- 
tom legs of the "E" is accomplished by a pair of 
pole pieces, in effect, filling in the gap between the 
legs and the cap. The pole pieces, the cap, and the 
objective lens can move radially in-between the top 
and bottom of the "E'\ with the return path of the 
magnetic flux being provided by the center leg 
which is located underneath the lens and the me- 
dia. 

When the magneto-optic media is provided on 
a thin tape or on a thin disk, as described in this 
patent, the magnetic elements can conveniently be 
placed on the side of the media opposite the side 
upon which the laser impinges. However, when this 
opposite side location is not physically accessible, 
for example, when the magneto-optic media is sup- 
ported on the surface of a drum, or is supported on 
a very thick substrate, these magnetic elements 
must be located on the same side of the media as 
the optics are. 

It is an object of this invention to provide a 
device and method of producing the necessary 
vertical bias magnetic field, essentially in concur- 
rence with the point of incidence of the laser beam 
upon the media, in which access to the opposite 
side of the media is denied. It is a further object of 
this invention to provide the necessary vertical bias 
magnetic field for systems in which extensive 
cross-track movement of the optic system is re- 
quired. It is an additional object of this invention to 
provide the necessary vertical magnetic field with a 
reduced number of non-vertical components of the 
bias magnetic field, and with greatly reduced pow- 
er requirements for providing the bias magnetic 
field. 



Summary of the Invention 



The present invention describes an apparatus 
for providing a vertical bias magnetic field co- 
incident with a read/write laser beam in a magneto- 
optic recording system. It comprises magnetizable 

5 material surrounding the end of an objective lens 
housing of the read/write/erase optical system and 
extending across the face of the objective lens 
housing proximate the recording media, a small 
hole in the magnetizable material extending across 

to the face of said objective lens housing to permit 
the laser beam to pass through to the recording 
media, and an electromagnet coil closely surround- 
ing said magnetizable material for purposes of gen- 
erating the necessary magnetic field. 

is 

Brief Description of the Drawings 



The novel, features and advantages of the 
20 present invention will become more apparent to 
those skilled in the art upon consideration of the 
following detailed description which refers to the 
accompanying drawings wherein: 

Figure 1 is a cross-sectional view of a first 
25 embodiment of the invention; 

Figure 2 is a longitudinal cross-sectional 
view of a second embodiment of the invention; 

Figure 3 is a longitudinal cross-sectional 
view of a third embodiment of the invention; 
30 Figure 4 is a longitudinal cross-sectional 

view of a fourth embodiment of the invention; and 

Figure 5 - A performance graph showing that 
the elements of the invention give results equiv- 
alent to those obtained from the conventional 
35 "backside" bias magnet location. 

Detailed Description of the Invention 

40 Figure 1 illustrates in cross-section the princi- 

pal components of the invention and their relation- 
ship to each other and to a recording medium. An 
optical systems 10 is located in close proximity to 
record medium 28 with the spatial relationship be- 

45 tween them being defined as that necessary to 
allow radiation from a laser (not shown) to pass 
through, and along the optical axis 32 thereof, 
along an objective lens housing 1 1 , through an 
objective lens 13, and eventually arriving, in sharp 

50 focus, upon the recording surface 25 of recording 
media 28. The source of the laser beam 15 as well 
as the various optical components required to pro- 
duce the sharp focus are well known in the art and 
need not be shown nor described here. Means, not 

55 shown, provide relative movement of the record 
media 28 past the focus point 20 of the laser beam 
15 so that controlled modulation of the laser will 
cause successive detectable changes to be gen- 
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erated'in the recording surface 25. Since variations 
in distance between the objective lens 13 and the 
recording surface 25 are likely to occur at initial 
assembly of the optical system and during said 
relative motion therebetween, precise focus of the 
laser beam at point 20 can be achieved and main- 
tained, for example, by a servomechanism (not 
shown) that causes the objective lens housing 1 1 
to move up or down as indicated by directional 
arrow 30. this being a technique well known in 
optical recording technology for maintaining focus. 
Lens housing 1 1 may also support a transparent 
lens cover glass 14. which is employed to modify 
the focal length of the lens and to adapt a specific 
lens design for use with different media construc- 
tions. Surrounding the lens housing 1 1 at the end 
in proximity with the recording surface 25, is an 
electromagnet assembly 29, comprising multiple 
turns of wire 18 wound around a core 17 of fer- 
romagnetic material such as soft iron. Wire retain- 
ing means can consist of so-called potting com- 
pounds which serve to both position the wires and 
define the outer dimensions of the coil assembly. 
The shape and dimensions of the inside of the 
electromagnet 29 are configured to provide only 
enough physical clearance with the lens housing 1 1 
to allow unhindered motion of the lens housing as 
required to allow the aforementioned focusing 
movement. This minimum clearance allows opti- 
mization of the magnetic coupling between the 
electromagnet 29 and the lens housing 1 1 for rea- 
sons that will be described later, and is preferably 
in the range of .005 - .015 inches total clearance. 
Wire leads 27 serve to carry electrical energy from 
power supply 26 and means (not shown) exist to 
establish the proper direction of the magnetic field 
generated by the electromagnet 29 by controlling 
the direction of current flow through the electro- 
magnet 29. 

Essential to the functioning of the instant inven- 
tion is the presence of magnetizable material as 
part of, or on the surface of, or in very close 
proximity to, the lens housing 1 1 at that portion of 
the lens housing 1 1 which is surrounded by the 
electromagnet assembly 29 and also extending 
across the face of the lens housing 11. In one 
embodiment as shown in Figure 1, the lens hous- 
ing 1 1 itself can be formed of iron or other mag- 
netizable metallic alloys that have low retentivity, 
such as Permalloy. In a slight variation of this 
embodiment, the lens housing can be of brass with 
magnetizable material 12 applied by electroplating, 
by vacuum deposition, or by any of the other 
common and well known methods of metal deposi- 
tion. The magnetizable material 12 being deposited 
must extend around and over both the periphery 
and the end of the lens housing. In yet another 
embodiment, as illustrated in Figure 2. the mag- 



netizable material is provided in the form of a cap 
40, which surrounds the lens housing 1 1 in the 
required configuration around and over both the 
periphery and the end of the lens housing. The cap 
5 40 can be secured to the lens housing by either 
adhesive means or by screw threads located on 
the outside surface of the lens housing and the 
inside surface of the cap. 

In yet another embodiment of the instant inven- 
iq tion, as shown in Fig 3, that portion of the mag- 
netizable material which extends across the face of 
the lens housing may be secured not to the lens 
housing but to the end of the electromagnet core 
17 which is located proximate to the recording 
/s media. This portion of the magnetizable material. 
41 in Figure 3, may be as a disk, separate from, 
but attached to, said electromagnet core, or it may 
be an integral part of the electromagnet core, 
formed during the manufacture of the electromag- 
20 net core. For focusing purposes, the objective lens 
housing 11 must have clearance between its end 
and the disk 41, as well as clearance 21 between it 
and the inside surface of the electromagnet 29. An 
advantage of this approach is a reduction of the 
25 inertia! mass of the objective lens housing 4. 

In yet another embodiment of the invention, as 
illustrated in Fig. 4, the aforementioned disk cap 41 
is attached directly to the end of the objective lens 
housing. The required electromagnet coil 29 can 
30 be wound directly on the periphery of the objective 
lens housing 11, and both coil 29 and disk 41 
would move in conjunction with the focusing move- 
ments of the objective lens 13. In all of the embodi- 
ments described and illustrated in Figs 1, 2, 3, and 
35 4, an optical aperture 19 is located in that portion 
of the magnetizable material covering the end of 
the lens housing 1 1 and is of a diameter sufficient 
to allow passage of the laser beam therethrough. 
The aperture 19 is located in line with the optical 
40 centerline 32 of the laser beam as it emerges from 
the optic assembly 10. An aperture diameter of 
about 1.25mm is deemed suitable for optic sys- 
tems in common usage today, but other diameters 
may be appropriate as technology advances and 
45 designs change. In the configurations illustrated in 
Fig. 1, 2, 3, and 4, the aperture 19 may be slightly 
larger, or may be elongated in one direction to 
accommodate tracking movements of the laser 
beam optical system. 

50 

EXAMPLE 1 

A soft iron cap was cemented to the objective 
55 lens housing of an Olympus single axis optical 
head as generally illustrated in Fig. 2. The outside 
diameter of the cap was 8.13mm, wall thickness of 
the tubular portion was .25mm, and the thickness 
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of the portion extending across the end of the 
objective lens housing was .25mm. An optical ap- 
erture of 1 25mm diameter was located concen- 
trically with the optical axis of the laser beam in the 
end cap. 600 turns of #30 magnet wire were 
wrapped around the tubular portion of the soft iron 
core whose outside diameter was 11. 4mm, an in- 
side diameter of 8.7mm, with a flange of 24.1mm 
with a thickness of 1.25mm attached to one end of 
the core, thus forming, when connected to a D.C. 
power supply, an electromagnet. This electromag- 
net was then positioned concentrically around the 
objective lens housing described earlier, both at- 
tached to said Olympus single-axis optical head, 
and mounted approximately 1mm away from the 
surface of a magneto-optical recording media disk, 
with the centerline of the laser beam perpendicular 
to the plane of the media. 

The modified optical head described above 
was then installed on an automated optical disk 
tester which is capable of programming such vari- 
ables as disk rotational speed, laser power, mag- 
netic bias field intensity, recording frequency, and 
of measuring performance factors such as signal 
playback amplitude, carrier-to-noise ratio, and har- 
monic frequency content of the playback signal. 
The magneto-optic media used was a 133mm di- 
ameter disk manufactured by 3M Company, St. 
Paul, Minnesota. Media performance was mea- 
sured first using a conventional backside electro- 
magnet as the magnetic bias field source during 
recording on the disk. Since second harmonic dis- 
tortion of a playback signal is the most sensitive 
indicator of magnetic bias effectiveness, the distor- 
tion level was measured while the magnetic bias 
level was changed over a range which produced a 
lowest dip in distortion level, as shown in curve A 
of Fig. 5 wherein the vertical axis is second har- 
monic distortion in units of -db and the horizontal 
axis is magnetic coil current in units of milliam- 
peres. The backside electromagnet was then re- 
moved from the disk tester and replaced with the 
elements of the invention as described above, and 
as illustrated in Fig 2. 

Identical tests were conducted with the only 
variable being the source and magnitude of the 
magnetic bias field as controlled by magnetic coil 
current. Curve B of Fig. 5 shows that an identical 
low level of second harmonic distortion was ob- 
tained by using this embodiment of the invention. 
The two magnet configurations of this test were 
also used to erase previously written information. In 
both tests, with identical currents passing through 
the magnet coils, the signals were erased to un- 
measurable low levels. 

While the principles of the present invention 
have been demonstrated with particular regard to 
the illustrated structure of the various figures, it will 



be recognized that various departures from the 
illustrations may be undertaken in the practice of 
the invention. The scope of this invention is not 
intended to be limited to the elements described 
5 but should instead be measured by the breadth of 
the claims. 



Claims 

70 

1. An optical system (10) for reading, recording 
or erasing information from or to a recording me- 
dium (28) having a recording surface (25). compris- 
ing: 

is a tubular housing (11) having an open end facing 
said recording medium (28); 

a light source for providing a beam of light (15) 
through said housing (11) and toward said record- 
ing medium (28); 
20 means (13,14) within said housing (11) for focusing 
said beam of light (15) at said recording surface 
25); 

a magnetizable material (11,12,17,40,41) surround- 
ing said housing (11) at said open end facing said 

25 recording medium (28) and extending across said 
open end of said housing (1 1); 
an aperture (19) in said magnetic material 
(11,12,17,40,41) extending across said open end of 
said housing (11) of a size and disposed to allow 

30 free passage of said beam of light (15); and 

an electromagnet (29) having a coil (18) surround- 
ing said housing (11) and said magnetizable ma- 
terial (1 1,12,17,40,41) for providing a magnetic field 
at said recording surface (25). 

35 2. An optical system (10) according to claim 1 

wherein said tubular housing (11) is of a mag- 
netizable material and provides said magnetizable 
material surrounding said housing (11). 

3. An optical system (10) according to claim 2 
40 wherein said magnetizable material extending 

across said housing open end is a disk (41) of 
magnetizable material attached to said open end of 
said housing (1 1). 

4. An optical system (10) according to claim 3 
45 wherein said electromagnet coil (18) is disposed 

surrounding and in contact with said housing (11). 

5. An optical system (10) according to claim 1 
wherein said magnetizable material surrounding 
said housing (11) and extending across said open 

so end is a cap (40) having an annular wall surround- 
ing said housing (1 1) and an end piece closing said 
annular wall. 



55 



5 



EP 0 383 526 A2 




EP 0 383 526 A2 





EP 0 383 526 A2 




Fin. 5 



J 



Europaisches Patentamt 
European Patent Office 
Office europ'en des brevets 




© Publication number: 



0 383 526 A3 



© 



EUROPEAN PATENT APPLICATION 



@ Application number: 90301485.0 
@ Date of filing: 13.02.90 



© lnt.CI. 5 :G11B 11/10 



® Priority: 16.02.89 US 311457 

© Date of publication of application: 

22.08.90 Bulletin 90/34 

© Designated Contracting States: 
DE FR GB NL 

® Date of deferred publication of the search report: 

04.09.91 Bulletin 91/36 



© Applicant: MINNESOTA MINING AND 
MANUFACTURING COMPANY 



3M Center, P.O. Box 33427 

St. Paul, Minnesota 55133-3427(US) 

© Inventor: Vogelgesang, Peter J., c/o 
Minnesota Mining and 

Manufac. Comp., 2501 Hudson Road, P.O.Box 
33427 

St. Paul, Minnesota 55133-3427(US) 

© Representative: Baiilie, lain Cameron et al 
c/o Ladas & Parry Isartorplatz 5 
W-8000 Munchen 2(DE) 



© Magneto-optic recording system. 



CO 
< 

CD 
CM 
LA 

CO 
00 
CO 



@ An apparatus (10) for providing a bias magnetic 
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magneto-optic recording system is disclosed, with 
special utility for systems wherein the thickness or 
configuration of the media (28) necessitates a func- 
tioning bias magnet (18) being located on the same 
side of the media (28) as the read/write laser (15). 
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